customs controls. Statistics compiled by the United States International Trade Commission (USITC) can be used to determine if inclusion of FTZ transactions in COMTRADE causes the U.N. data to significantly further misstate the dutiable value of imports. These questions are of importance because recent efforts have attempted to utilize COMTRADE for tariff change simulations and related issues in multilateral trade negotiations.
Before proceeding, one important qualification should be noted. In this study, the term "COMTRADE bias" is sometimes used. This is in no way intended as a criticism of the methodology or procedures used in constructing the database which are fully consistent with the appropriate and intended applications of the U.N. statistics. Rather, the term is directed at users who appear to be unaware of important basic characteristics of COMTRADE and have attempted to employ the data in ways that are incorrect and inappropriate.
I . C H A R A C T E R I S T I C S O F T R A D E P R O J E C T I O N M O D E L S
During the Uruguay Round, the World Bank and UNCTAD (1987) developed a partial equilibrium projection model (named SMART, for Software for Market Analysis and Restrictions to Trade) to simulate the effects of proposed tariff cuts in the negotiations. The projections employed tariff line level import statistics contained in the WTO Integrated Data Base since it was acknowledged that the COMTRADE data then available were too aggregate, were sometimes tabulated in inappropriate values, and were compiled using a methodology not appropriate for tariff simulations. The fact that far more detailed six-digit Harmonized System (HS) statistics have now become generally available has generated renewed interest in the possible use of COMTRADE for tariff analyses and simulations (see http://go.worldbank.org/IJIR5D0T80).
In partial equilibrium trade models, the projected trade creation for product i (TC i ) resulting from a tariff cut is normally derived from
where M i is the initial value of imports of the product, e d and e s are the import elasticities of demand and supply for the item, and t i is the import tariff (see World Bank and UNCTAD 1987 or UNCTAD 1986 for previous applications). Two important points are evident from this equation. First, if the initial value of imports is overstated by a given amount (say 20 percent), the projected value for trade creation will be upward biased by this same percentage. Second, in cases where the percentage overstatement in the trade base is greater than the applied nominal tariff, the trade creation projection error will exceed the actual value of this parameter. Similar issues arise if tariff changes are analyzed in a computable general equilibrium (CGE) framework. Although different procedures have been used for estimating trade diversion, valuation biases in COMTRADE will generate similar errors for these projections. For example, Baldwin and Murray (1977) simulate trade diversion using a methodology which incorporates the trade creation projection estimate as an explanatory factor. In this and other empirical approaches (see World Bank and UNCTAD 1987) , the higher the COMTRADE valuation bias, the larger will be the resulting error in trade diversion projections.
The United States International Trade Commission (USITC) provides online public access to national import statistics down to the level of individual ten-digit HTS products (see http://USITC.gov). Aside from the f.o.b. value of imports for direct consumption, this system (named "trade data web") also provides information on international transport and insurance costs incurred in bringing the product to the first U.S. port of entry. As requested by the United Nations Statistical Office, these c.i.f. import values are reported for inclusion in U.N. COMTRADE records. As a result, COMTRADE overstates the dutiable value of imports for countries like Australia, Canada, New Zealand, and the United States that utilize f.o.b. import tariffs. A key question relating to tariff analyses and projections concerns the magnitude of this bias.
Since the USITC "trade data web" provides both free-on-board import values and international transport costs for all imported products it can be employed to quantify the tariff valuation bias for countries trading with the United States. Specifically, the nominal bias for imports from a given country can be derived by taking the ratio of all transport and insurance costs for a given product to its landed f.o.b. value.
For an empirical assessment of the bias, the following procedure was employed. First, a selection of 45 "test" countries was chosen with an effort made to achieve as much geographic and economic diversity as possible. The selection included countries in Asia, Africa, Europe, and South America, island countries like the Maldives, Fiji, and Sri Lanka, as well as several that were landlocked (Nepal and Paraguay). Next, available statistics were drawn from the USITC trade data web to compute nominal transportation costs for all sixdigit HS level products imported from these countries by the United States. These freight factors were then ranked in ascending order, that is, from the lowest nominal transport cost for each product to the highest. The percentile values for each country's distribution of biases are given in Table 1 .
As an illustration, the table shows that the United States imported 132 individual 6-digit HS products from the Cote d'Ivoire with a total 2007 value of $639 million. (All dollar amounts are current U.S. dollars.) The median nominal freight factor (i.e., the valuation bias) was 12.7 percent, while threetenths of all shipments had a freight factor of 25 percent or more. A similar share of imports from Ghana, Nepal, Togo, and the Maldives incorporated biases exceeding 20 percent, while the biases for one-tenth of all imports from Belize, Senegal, Honduras, Nepal and other countries exceeded 35 percent. Ten Overall, for the 45 countries, only five (Uruguay, Bangladesh, Sri Lanka, Vietnam, and Pakistan) faced median Unites States tariffs that exceeded their median ad valorem transport costs. As a result, the percentage error in trade creation estimates for most countries will exceed the actual percentage change in this parameter, often by very high margins. The implications are that COMTRADE statistics can generate highly inaccurate estimates of the level and composition of the trade response to tariff changes.
While Table 1 examined the distribution of individual countries' valuation biases across all exports, an important related question is whether significant differences exist in the biases between product groups. If so, one would have an interest in identifying those sectors where COMTRADE most seriously overstates the dutiable value of imports. Second, if the valuation biases within specific product groups fall in a relatively narrow range this might suggest the possibility of employing a standard f.o.b.-c.i.f. correction factor to offset, or reduce, the bias. This approach would be similar to the ten percent factor employed by the IMF to account for differences in export and import statistics.
For relevant information, U.S. trade statistics for the countries in Table 1 were combined into six different regional groups (i.e., Southern Cone South America, Other South America and the Caribbean, Oceania, sub-Saharan Africa, Southeast Asia, and South Asia. Next, the COMTRADE bias was computed for U.S. imports of several broad categories of goods from these country groups. For four of the six country groups the valuation bias for textiles and footwear products exceeds the median bias for all goods, while meat, fish and vegetable imports frequently incur higher than average nominal transportation costs. Almost one-third of all meat exports from Oceania had nominal transport costs exceeding 21 percent, while the corresponding freight rate for sub-Saharan African vegetable products was about 31 percent. One possible explanation for these results is that due to their perishable nature, food products rely more heavily on relatively expensive air transport to access U.S. markets.
Other products sectors with relatively high valuation biases include hides and leather goods, as well as articles of plastic and glassware products. Conversely, nominal freight costs for vehicles and machinery, optical goods, and scientific instruments are generally among the lowest in the table. The overall diversity of the biases across groups provided little evidence that the COMTRADE valuation problem could be corrected by a standard f.o.b.-c.i.f. adjustment factor. 1 1. While this investigation focused on COMTRADE valuation biases for the United States, several published transport cost studies indicate the conclusions concerning similar unacceptably high biases can be generalized to countries like Australia, Canada, and New Zealand that also employ free-on-board import tariffs. See Curtis and Chen (2003) , Conlon (1982) , Pomfret and Sourdin (2010) , Hummels (2007) , or Lloyd (1976) among others.
I I I . E F F E C T S O F G E N E R A L T R A D E R E P O R T I N G P R A C T I C E S
While utilization of an inappropriate cost-insurance-freight valuation base can significantly overstate the dutiable value of U.S. imports, there is an additional problem that may produce even greater biases. Specifically, two methodologies are used for compiling import statistics; namely, the general and special recording systems. Special trade statistics tabulate the value of goods imported directly for final consumption. This exchange encounters any existing tariffs and related trade control measures so special trade data are submitted by the U.S. to the WTO Integrated Data Base. In contrast, general trade statistics record the value of merchandise imports, either for direct immediate consumption or into bonded warehouses and foreign trade zones (FTZs) under customs custody. Imports under the general trade regime destined for FTZs are exempt from tariffs unless they are redirected toward domestic markets for consumption. Due to these special import provisions, general trade statistics, which are employed in the COMTRADE database, have major shortcomings for analyses of trade restrictions.
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As a result of their compilation procedures, general statistics may seriously misstate dutiable import values, and may also fail to correctly identify the goods facing trade restrictions. A hypothetical example can illustrate this point. Assume the U.S. imports $10 billion of crude petroleum (HTS 270900) into a foreign trade zone. In the zone the shipment is further processed (refined) into distillate fuel oils (HTS 271019) and this product is then transferred to the domestic market for consumption-at which point applicable U.S. tariffs are assessed. Under normal zone procedures, importers generally have the option of paying duties on the original materials imported into the zone or on the finished fabricated product. Since the nominal equivalent of specific tariffs on distillate fuels is relatively lower than those on crude oil, the former would be reported on customs forms. The statistical records of these transactions would be as follows:
(i) COMTRADE would record statistics on the actual value ($10 billion) of crude oil imports. In contrast, the WTO Integrated Database would not report any imports of crude oil, because this specific product did not cross the customs frontier for domestic consumption. (ii) The IDB would report statistics on the distillate fuel oil imports, since these are the shipments upon which relevant United States import duties are assessed. In contrast, U.N. COMTRADE would not report import 2. Recent surveys indicate that more than 250 general purpose United States FTZs have been established. These zones are considered to be outside of U.S. Customs territory for the purpose of import duty liability. Therefore, goods destined for FTZs are not subject to customs tariffs unless they formally enter into U.S. Customs territory-at which point they will be reported to the IDB. Merchandise shipped to foreign countries from FTZs is exempt from duty payments. This provision is especially important for firms that import components to manufacture finished products for export. Various activities can be conducted in a zone, including assembly, packaging, storing, cleaning, repacking, sorting, grading, testing, labeling, repairing, combining foreign or domestic components, or further processing. See MacLeod (2000) for a useful discussion of activities in U.S. foreign trade zones.
information for these goods due to their significant physical transformation within U.S. geographic territory, that is, the foreign trade zone. Table 2 provides examples of the magnitude of the general system bias using statistics on selected six-digit HS U.S. imports from Korea. The table shows the dutiable f.o.b. value for each item (column 3), which is reported to the WTO Integrated Data Base. These numbers represent the value of goods imported for direct consumption and, as such, are subject to existing tariffs. In addition, column 5 shows the corresponding c.i.f. general import value reported to COMTRADE. Differences between these values indicate the magnitude of bias associated with the use of the U.N. data for tariff analyses and/or projections.
Column (4) has been added to help assess the relative size of the f.o.b.-c.i.f. valuation bias in COMTRADE data as opposed to biases originating from tabulating data using the general trade system. As an example, the c.i.f. value of dutiable imports of gear boxes (HTS 870840) is $1.5 million higher than the dutiable customs value, while the difference between the latter and the c.i.f. general import value is $319 million. These comparisons indicate that the general trade compilation practices account for almost all of the differences in import values reported in the IDB and U.N. COMTRADE.
The clear impression from Table 2 is that COMTRADE biases are of a magnitude that invalidates use of these statistics for tariff simulations or negotiations. Biases incorporated in the U.N. data may seriously misdirect national priorities for a liberalization across products, and may also significantly overstate overall potential trade gains. Specifically, -COMTRADE overstates the dutiable value of the first item (HTS 252329 -Portland Cement) by about $57 million, or 56 percent. Since the customs c.i.f. and general import values are equal ($158.9 million), the bias is entirely attributable to the inappropriate (for tariff analysis) valuation base employed for the U.N. statistics.
-Differences of just under 1 billion dollars (approximately 67 percent) occur in the import value for petroleum oils (HTS 271019) reported to the IDB for domestic consumption and the general import total ($2.4 billion) recorded in COMTRADE. Only about $63 million, or 7 percent of the difference, is attributable to the alternative valuation bases (see columns 3 and 4).
-COMTRADE-IDB differences exceeding several thousand percent occur for rare earth imports (HTS 284610). The table indicates that about 95 percent of all imports of this product were destined for the processing zones. As such, the IDB correctly does not record most shipments of this item. Similarly, the import value reported in COMTRADE for organic solvents (HTS 381400) is more than ten times greater than the dutiable value of imports for domestic consumption. General imports account for most of the difference between COMTRADE data and the relevant numbers in the IDB.
-Similarly, COMTRADE would generate an upward bias in projections of the effects of tariff changes for lock keys (HTS 830170) exceeding 600 percent. The corresponding bias for transmission bearings (HTS 848330) would be over $11.6 million, or almost 270 percent. The general reporting system accounts for almost all of the differences between the WTO and U.N. statistics.
-Differences of approximately $700 million occur between the true dutiable values for the combined imports of radio remote control apparatus (HTS 852692) plus gear boxes and parts (HTS 870840) and the general import totals ($1.0 billion) recorded for these items in COMTRADE. The U.N. statistics overstate the dutiable value of gear boxes by over 500 percent.
-The value reported in COMTRADE for imports of photographic lenses and filters (HTS 900220) is almost 50 times greater than the dutiable value of imports for consumption reported in the Integrated Data Base.
Other examples in the table also reflect similar, very high, COMTRADE biases.
Overall, for the products listed in Table 2 the combined import values reported to COMTRADE are approximately $2.1 billion higher than the true dutiable value of these goods. These comparisons indicate the U.N. statistics overstate the dutiable value of imports (and potential trade creation gains from a tariff liberalization) by about 80 percent-see the column totals. In general, major statistical discrepancies occur between COMTRADE and IDB data for raw materials, semi-finished goods, and components imported into FTZs for further processing.
Even stronger negative conclusions concerning the magnitude of COMTRADE biases emerge from statistics on U.S. imports from Austria. For example, Table 3 shows general imports of cars with cylinders under 3,000cc (HTS 870323) from Austria are reported as $3.0 billion in COMTRADE, while the dutiable value of these items imports reported to the IDB is roughly $2.1 billion (or 218 percent) lower. General imports of $333 million are reported for spark ignition engines (HTS 840732) which is almost fifty times the dutiable value of these shipments. Overall, the reported general imports of the 18 items listed in Table 4 are approximately $3 billion higher than the dutiable customs value of imports. Differences for several products, like articles of magnesium, actually exceed one thousand percent. 4 Two key points emerge from these statistics.
-First, COMTRADE data have the capacity to significantly misdirect national priorities for a tariff liberalization across products. This point is reflected in the fact that rankings of general import product values may differ substantially from those based on actual dutiable values of imports. As an example, the value of U.S. general imports of spark ignition engines ($333 million) is the third highest in the table even though the actual dutiable import value ($7 million) was exceeded by 8 other items-often by very high margins. -Second, the COMTRADE general statistics may also provide very inaccurate and unreliable information concerning the magnitude of potential overall gains resulting from a trade liberalization. This point is reflected in the fact that the actual dutiable value of U.S. imports from Austria is approximately 40 percent lower than totals reflected in the general trade statistics (see the memo item in the table). This figure represents the potential overall error in trade creation projections that utilize COMTRADE statistics.
A further major defect of COMTRADE is that it may indicate no, or relatively limited, domestic consumption of a good occurred when there was in fact significant dutiable trade. This situation is the converse of that reflected in Tables 2 and 3 where COMTRADE overstated the customs value of imports. The underreporting problem occurs when imported raw materials, semifinished goods, or components experience significant transformation in a foreign trade zone before shipment to domestic markets. As a result of the processing activity the originally imported good may be classified under a different 4. As noted, one cause of the COMTRADE-IDB statistical discrepancies is that a product experienced significant transformation in an EPZ and cleared customs under a different HS classification than that recorded in COMTRADE. In addition, the finished product may never have entered the domestic market. For example, the automotive products listed in 3 may only have had modifications to comply with domestic standards required in their final destinations in (say) Central or South America. These products would be reported in COMTRADE because they entered United States geographic territory, but would not be recorded in the IDB because they never cleared the U.S. customs frontier in any form. First, a serious problem exists concerning the valuation base employed for COMTRADE. These statistics overstate the dutiable value of all United States imports, often very significantly, since they are expressed in cost-insurance-freight values although the U.S. employs free-on-board import tariffs.
6 As a result, the error in COMTRADE-based trade creation projections could seriously misdirect national priorities in multilateral negotiations. This projection error extends across all regional groups of countries, as well as major product categories. Evidence was cited that indicates these problems also occur for other countries like Australia, Canada, and New Zealand that employ free-on-board import tariffs.
Second, the general trade compilation procedure used for COMTRADE may greatly amplify the detrimental effect of the valuation bias. In some cases, general import statistics overstated the dutiable value of individual six-digit HS products by several hundred percent, or by billions of dollars. Automotive equipment, machinery, electronics and energy products were often prone to this statistical bias. Third, COMTRADE may incorrectly identify specific items which are, or are not, subject to tariffs and other trade restrictions. This is due to the fact that the U.N. records tabulate information on products entering a country's geographic territory, but may fail to record relevant information on the nature and value of the goods actually clearing customs. This problem occurs when imports experience significant transformation in foreign trade zones and then clear customs under a different HTS code than that recorded in COMTRADE.
7 Another possible cause is that the processed products were forwarded to final destinations in third countries and did not clear U.S. customs in any form. As a result, COMTRADE may both seriously overstate and understate dutiable import values. 6 . A further problem is that COMTRADE is often compiled at too high a level of aggregation to be accurately used for tariff analyses and/or projections. Some six digit HS products (the lowest level of detail available in COMTRADE) may contain multiple tariff lines having widely divergent import duties. As an example, the six-digit HS product 610439 (women's suits) has two tariff lines with duties of 0.0 and 24.0 percent. The average of these duties (12.0 percent) would not accurately reflect the level of protection afforded either product. Similarly, HS product 640199 (waterproof footwear) contains four line items with duties ranging from 0 to 39.5 percent. These are not extreme outliers as HS code 210690 (other edible food preparations) incorporates 42 individual tariff line products.
7. The relative magnitude of tariffs on production inputs and the processed product provides a useful indicator of where the largest COMTRADE-IDB data discrepancies may occur. As noted, firms operating in FTZs have the option of declaring imports of either the production inputs or the final good on customs vouchers when the item is transferred to the domestic market for consumption. In situations where tariffs are relatively high on the inputs, an incentive would exist to declare imports of the fabricated product to customs (which would be reported to the IDB), while COMTRADE would record statistics on the unprocessed components initially imported into the zone.
Each of these factors is of major importance by itself. However, taken together, the combined biases can reach magnitudes that clearly preclude the legitimate use of unadjusted COMTRADE data for trade projections and negotiations. For example, recent USITC statistics report FTZ imports of $285 billion that were exempt from tariffs. To put this value in perspective, these imports were only slightly lower than the total combined customs value of U.S. imports from Japan, Germany, and the United Kingdom. In addition, transport and insurance charges on all U.S. imports were $65.8 billion-a figure that reflects the further overall COMTRADE bias associated with tabulation of cost-insurance-freight trade values.
Third, statutory regulations exempt certain imports from tariffs. These include all U.S. government imports, imports for the treatment of specific medical problems, and imports by overseas territories-all of which were about $24 billion. Altogether, these combined biases totaled $366 billion, or almost 20 percent of the customs value of all United States imports. However, as previously noted, the relative importance of the general trade bias may be larger in other countries (particularly those in East Asia) where international production sharing is practiced more extensively than in the United States. These biases would normally be incorporated in COMTRADE data given the U.N. recommendation that trade statistics be tabulated using general reporting practices:
"The general trade system provides a more comprehensive recording of the external trade flows than does the special system. It is recommended, therefore, that countries use the general system for compilation of their international merchandise trade statistics" (U.N., Department of Economic and Social Affairs (ESA/STAT/AC.137.5, p. 30).
The key point that follows is that analyses of tariffs and other trade barriers should ideally utilize tariff line level import statistics compiled on the same valuation base employed for assessing these duties. Furthermore, the data must accurately account for specific exemptions like those normally afforded foreign trade zones or government entities, as well as for country specific exemptions associated with preferences or the withholding of "most-favored-nation" trade status. Brenton and others (2009) presents a useful illustration of the nature of these required adjustments within the context of formulating national structural adjustment policies. The United Nations (2007) provides comprehensive information on the trade compilation practices of about 40 countries, which should also be useful for identifying required adjustments. As this study shows, a failure to properly account for these factors may adversely influence a country's strategies in multilateral negotiations or the formulation of national trade policies.
